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Abstract
The aim of this study was to examine the influence of different starter cultures including protective culture on the production and properties of 
fresh cheese. Fresh cheeses were produced from pasteurized milk by adding mesophilic starter cultures, mesophilic cultures and liquid rennet and 
by adding protective culture. All samples were analysed for acidity (active and titratable), microbiological quality, texture, colour and sensory 
properties during 21 days of cold storage. Additionally, milk fat, the total dry matter, total proteins and mineral content were determined in all cheese 
samples on the first day of storage. It could be observed that the used mesophilic culture in general did not affect chemical composition of cheese. 
As expected, during the storage period acidity in all cheeses decreased, while the number of microorganisms increased, whereby that changes were 
significantly slowed down in cheese produced by adding protective culture. Scores of sensory evaluation were high during the entire storage period 
for all cheeses, but samples containing cheese protective cultures achieved the highest score (18.56) at the first as well as at the last day of storage 
(17.98). According to all analyses, it is evident that the shelf life of cheese produced by adding protective culture has been prolonged for 12 days 
in comparison to samples produced without protective culture, and accounted 21 days when properly cool stored. In conclusion, the addition of 
protective culture might be useful for extending the shelf life and maintaining sensory properties as well as colour of fresh cheese.
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Introduction
Cheese is a dairy product which has played a key role in human nutrition 
for centuries (Hinrichs, 2001). There are many definitions of cheese, but 
one of the most appropriate ones defines cheeses as fresh products or 
products with a different degree of maturity, produced by the separation 
of whey after coagulation of skimmed or partially skimmed milk, cream, 
whey, or a combination of these materials (Tratnik and Božanić, 2012). 
A wide range of available cheeses is based on mostly regional conditions 
and production technology, which has been adapting and optimizing 
over time. The main objective has always been to convert milk, which 
is perishable, into a product with a longer shelf-life whilst preserving 
its nutrients (Hinrichs, 2001). The quality of cheese, in addition to the 
implementation of the technological process of production, depends 
largely on good chemical and microbiological quality of milk (Fox 
et al., 2004). Compared to hard cheeses, fresh cheeses have a high 
water activity, which makes them susceptible to microbial spoilage, 
especially by yeasts and moulds which favour low pH values (Markov 
et al., 2009). In order to extend the shelf life of the product, new 
methods of producing fresh cheese are introduced. One of them is the 
addition of protective cultures. Protective cultures include selected 
bacterial strains such as Lactobacillus paracasei, Propionibacterium 
freudenreichii subsp shermanii and Lactobacillus rhamnosus that are 
added during production of food products to extend their shelf life and 
improve their ability to inhibit the growth of pathogenic organisms or 
microbiological spoilage agents. Bacterial strains used for production of 
protective cultures must be assigned by the GRAS (generally regarded as 
safe) status and should first be considered as an additional safety factor 
to enhance the microbiological safety of food. Their implementation 
should follow a good manufacturing practice in order to reduce the 
risk of growth and survival of pathogenic organisms and degradation 
organisms (Holzapfel et al., 1995, Miescher et al., 2004; Young and 
OʹSullivan, 2011).
Thus, the aim of this paper was to examine the influence of different 
commercially available starter cultures on chemical, physical, sensory 
and microbiological parameters of fresh type cheese. Also, the application 
of protective cultures for purposes of shelf life extension has been tested, 
as well as the influence of different production pathways on cheese yield.
Material and methods
Materials
Cheese was produced from milk purchased at the family farm Šmida 
(OPG Šmida, Vrbovec, Croatia). Commercially available starter 
cultures Probat 222 (Lactococcus lactis subsp. lactis, Lactococcus lactis 
subsp. cremoris, Lactococcus lactis subsp. lactis biovar diacetylactis 
and Leuconostoc mesenteroides subsp. cremoris), CHOOZIT BT01 
(Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. cremoris) and 
CHOOZIT MA11 (Lactococcus lactis subsp. lactis, Lactococcus lactis 
subsp. cremoris, Lactococcus lactis subsp. lactis biovar diacetylactis; all 
Du-Pont, Danisco, France) were used for milk coagulation. Depending 
on the type of the applied production process, the aforementioned 
mesophilic cultures were combined with rennin (Medimon d.o.o, Split, 
Croatia) and/or the protective culture Holdbac YM-C Plus consisting of 
Lactobacillus paracasei and Propionibacterium freudenreichii subsp. 
shermanii (Du-Pont, Danisco, France) was added.
Preparation of milk for cheese production
Prior to cheese production, raw milk was preheated to 20 °C, and an 
aliquot was excluded for milk fat determination. The rest of the milk was 
then heated to a 50 °C and skimmed to milk fat content below 1.0 % by 
a lab scale centrifugal separator (Tehtnica Milk separator, model EP-80). 
The skimmed milk was then pasteurized at 85-90 °C for 10 minutes, 
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and cooled down to approximately 30 °C The cooled pasteurized milk 
was sampled and immediately analysed for microbiological quality 
and acidity, while an appropriate portion of the sample was cool stored 
for max. 12 hours within which total proteins were determined, while 
the samples for the total dry matter and ash content were frozen and 
analysed at the end of the storage period. The rest of the pasteurized 
milk was then divided into 2.0 L volumes and inoculated by the selected 
cultures as described in the following sections.
Production and analyses of cheese samples
In the first series of experiments, fresh cheese was produced by milk 
coagulation with the selected mesophilic cultures (Choosit MA 11 LYO 
25 DCU, Choozit BT 01 LYO 50 DCU, Probat 222 LYO 100 DCU) that 
were added according to the producers’ instructions.
Prior to inoculation, the pH value of inoculated milk was measured. 
Subsequently, inoculated milk was incubated at 30 °C until pH 4.6 
was reached. The obtained coagulum was cut into cubes and heated 
to approximately 45 °C to separate the whey. The remaining cheese 
curd was placed into a perforated mould and left at 4 °C to drain. After 
completing the process, the amount of separated whey was measured 
and the cheese was weighed, in order to calculate the cheese yield. The 
cheese was then divided into 5 equal parts and packed into plastic bags 
using a padlock. Packaged chees samples were kept 21 days in total, 
whereby sampling and analyses were done on the 1st, 4th, 9th, 14th and 
21st day.
The second cheese series were produced by a combined acid-enzyme 
coagulation by the mesophilic culture which was previously chosen to be 
the most appropriate in terms of cheese yield and with addition of 0.001 
% (v/v) rennin. All of the other production steps were identical as for the 
first series of cheese.
For the production of the third cheese series, during milk coagulation 
protective culture Holdbac YM-C Plus LYO 100 DCU was added 
according to producers’ instructions.
Depending on the starter culture and the applied production process, the 
samples were assigned as described in Table 1. 
Table 1. Description of different cheese samples investigated within the study 
Sample name Production process
BT01 produced by CHOOZIT BT01
MA11 produced by CHOOZIT MA11
PRO222 produced by PROBAT 222
MA11+s produced by combining CHOOZIT MA11 and rennin
MA11+p produced by combining CHOOZIT MA11 and protective culture Holdbac YM-C Plus
The evaluation of quality parameters was performed by analysing 
the produced cheeses for acidity (pH, °SH), the total dry matter, the 
content of minerals, milk fat and proteins, cheese yield, colour, textural, 
microbiological and sensory parameters. Active acidity (pH) of cheese 
was determined by a pH meter Multi 340i (WTW, Wellheim, Germany) 
following the procedure described by Božanić et al. (2010) and titratable 
acidity according to the AOAC standard method which includes mixing 
grated cheese with water (40 °C) and filtering, and titrating an aliquot 
of the filtrate with 0.1 M NaOH, using phenolphthalein as the indicator 
(AOAC Method 920.124; 2007). Titratable acidity was expressed as 
°SH. The total dry matter was determined by drying samples at 102 ± 
2 °C until reaching a constant mass (ISO 5534:2004), while the mineral 
content was determined by inductively coupled plasma atomic emission 
spectroscopy (ICP-OES) as described in detail by Bilandžić et al. 
(2014). Milkfat was determined by butyrometric method according to 
the van Gulik method (ISO 3432:2008)., and total protein content by the 
Kjeldahl metod (ISO 1871:2009).
Evaluation of microbiological quality of cheese samples
Cheese samples were also subjected to analyses of microbiological 
parameters according to national Guidelines (2011) for microbiological 
criteria for foods and according to the Commission regulation (EC) 
2073/2005. Thus, the total viable cell count, the viable counts of 
Enterobacteriaceae, coagulase-positive staphylococci, and yeasts and 
moulds were determined by the pour plating method. In order to prepare 
the initial solution, 20 g of cheese were dissolved in 180 mL of sterile 
2 % sodium citrate solution tempered to 45 °C (ISO 6887-5:2010). The 
obtained suspension was used for preparation of further dilutions. The 
total viable cell count was enumerated at the Tryptic Glucose Yeast Agar 
(30 °C / 48-72 h), Enterobacteriaceae at the Violet Red Bile Glucose 
Agar (37 °C / 24 h), coagulase-positive staphylococci at the Baird 
Parker Agar with the addition of Egg Yolk emulsion (37°C / 24-48 h), 
and yeasts and moulds at the Sabourad Dextrose agar CAF 50 (20 °C 
/ 72 h) (all Biolife, Milan, Italy). All samples which had above 103 cfu 
g-1 yeasts and moulds or Enterobacteriaceae and/or above 102 cfu g-1 
coagulase positive staphylococci were eliminated from further analyses 
according to quality parameter set by the national Guidelines (2011) and 
the Commission regulation (EC) 2073/2005.
 
Evaluation of texture and colour of cheese samples
Hardness (Fmax) and work consumed for cheese perforation (Nm) were 
determined by the TA.HD Plus texture analyser (SMS Stable Micro 
Systems Texture Analyzer, Surrey, England) equipped with a 6 mm 
diameter probe. Cheese samples were cut into 5 x 5 cm cubes and 
tempered to room temperature prior to measurements. The prepared 
samples were subjected to double compression at a crosshead speed 1 
mm/s and penetration distance of 40 mm in both upward and downward 
directions with 10 sec. between two cycles. The obtained results were 
analysed by the Texture Exponent 32 software (version 3.0.5.0.).
Cheese colour was determined using a Spectophotometer CM-3500d 
(Konica Minolta, the Netherlands), whereby three colour parameters 
were measured – L (brightness), a (green) and b (yellow). Prior to each 
measurement the instrument was standardised with a black and white 
ceramic plate.
Sensory evaluation of cheese samples
Sensory evaluation of cheese samples was performed by a group of five 
specially trained panellists using a scoring system of weighted factors 
on a 20-point scale as described in detail by Barukčić et al. (2020) and 
following the recommendations of the standard ISO 22935-2, 2009. 
Samples of cheese were cool stored at 4 °C from the point of production 
and packaging, until the point of sampling and evaluation. In a room 
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designed according to ISO 8589:2007 samples were opened, encoded, 
divided into 5 equal portions and presented simultaneously to each of 
the five assessors. Each sample was evaluated for colour, odour, taste 
and consistency, whereby each attribute could have been rated with 
notes from 1 to 5. The average note of each attribute was multiplied 
with a predetermined weighting factor observed by the Delphi method, 
resulting that way in scores for each evaluated attribute. By summarizing 
scores of each attribute, a final score for each particular sample was 
obtained. The maximum score that one sample could obtain was 20 
(Molnar and Örsi, 1982).
Samples that had significantly changed sensory properties and/or 
inadequate colour and texture were excluded from further investigations. 
Results and discussion
Cheese yield and chemical composition of cheese 
Depending on the type of milk coagulation technique (only by the mesophilic culture, by the mesophilic culture and rennin or mesophilic and 
protective culture), changes in cheese yield could be observed (Table 2). It is evident that the highest yield was obtained by the addition of mesophilic 
culture MA11, while the lowest yield was recorded for the addition of mesophilic culture BT01. The addition of the rennin affected the curd hardness, 
which results in a smaller content of water and the lower yield. The cheese yield is influenced by many other factors such as milk composition, 
casein content, milk composition, number of somatic cells in milk, milk pasteurization, coagulant type, vessel design, cutting strength and production 
parameters (Valkaj at al., 2014). From the economic aspect, cheese yield is vital for cheese makers since small differences in yield result in big 
differences in profits (El Gawad and Ahmed, 2011). In comparison to Minas fresh cheese with average yield of 0.19 kg L-1 milk (Sant’Ana et al., 2013), 
the use of cultures tested within the present study results in much higher yields.
Table 2. The average yield (kg L-1), the total dry matter, protein and milk fat (%) in different samples (MA11, PRO222, BT01, MA11+s, PRO222+s, 
BT01+s, MA11+p) of fresh cheese (n=3)
Sample Cheese yield(kg L-1)







(µg kg-1) x 106
BT01 0.26 20.31 13.75 0.47 3.64 1.08 11.7 
MA11 0.29 21.62 13.72 0.47 3.68 1.12 12.0 
PRO222 0.27 21.06 13.76 0.55 3.65 1.15 11.9 
MA11+s 0.28 22.49 14.42 0.47 3.35 1.08 11.4 
MA11+p 0.29 21.79 14.83 0.47 3.45 1.04 11.3 
The highest protein content (14.86 g 100 g -1) was determined in cheese 
samples with the addition of protective culture (sample MA11+p). These 
results were similar to protein content of Minas fresh cheese (15.35 g 
100 g-1), which was produced with the addition of mesophilic culture and 
rennin (Sant’Ana et al., 2013). Other cheeses had slightly lower protein 
content with average amounts 13.72 to 14.42 g 100 g-1, which were in the 
range determined by Telis-Romero et al. (2011) who reported an average 
protein content between 7.9 ± 0.4 and 14.8 ± 0.7 g 100 g-1 and were 
somewhat higher in comparison to average protein content of 12.5 % in 
Cottage cheese (Fox et. al, 2017). The higher amount of proteins in fresh 
cheese results not only from casein, but also from a small proportion 
of thermosensitive whey proteins retained due to structural changes and 
interactions with casein caused by high pasteurisation regime (only 4-6 
% of the total whey protein content) (Havranek et al., 2014; Tratnik and 
Božanić, 2012). The proportion of dry matter in the cheese was between 
21.31 to 22.79 %, which was somewhat higher than in the research 
conducted by Telis-Romero et al. (2011) where the dry matter content 
was between 17.1 and 24 %. Prior to cheese production, the milk was 
skimmed to less than 1 % of milk fat leading to very low (0.47 to 0.55 
%) milk fat content in cheese. Due to acidification occurring during the 
coagulum formation, fresh cheeses usually contain less minerals than 
enzyme coagulated semi-hard and hard cheeses. The most abundant
mineral was Ca with contents ranging from 11.3 to 12.0 x 106 µg kg-1. 
According to Fox et al. (1999) the average content of Ca in fresh type 
cheeses is 90 mg 100 g-1 while Holland et al. (1995) claim it to be 73 
mg 100 g-1, which implies that the use of starters tested within this study 
might improve Ca content of fresh cheese by increasing it to the average 
content of 113 to 120 mg 100 g-1. Among other determined minerals, 
higher amounts of Mg (3.35-3.68 x 106 µg kg-1) and Na (1.04-1.12 x 106 
µg kg-1) were also detected, which was expected according to Lucas et al. 
(2013), but also according to some previously published studies on fresh 
cheese composition (Lante et al., 2006; Manuelian et al., 2017). 
During the storage of cheeses, active (pH) and titratable acidity were also 
determined. There were some negligible variations with the average pH 
average between 4.54 to 4.32, while the differences in titratable acidity 
were more evident ranging from 57.6 to 74 °SH (Figure 1). Nevertheless, 
the acidity of cheeses could be regarded as more or less stable throughout 
the entire storage period. Similar results were obtained by Lante et al. 
(2006) who investigated the pH of Italian fresh cheeses Crescenza and 
Squacquerone, which were slightly less acidic with average pH values 
between 5.05 and 5.21. 
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Figure 1. Acidity of different fresh cheese samples (MA11, PRO222, BT01, MA11+s, MA11+p) expressed as titratable (SH, shown by column) and active acidity 
(pH, shown by line) during 21 days of cold storage (n=3)
From Figure 1 it is evident that the increase in pH values lead to a decline 
of  °SH and vice versa. The acidity of the cheese affects the formation 
of characteristic flavours, and low pH values  inhibit the growth of 
microorganisms or slow down their growth. Although it originally 
affects taste, this parameter is measured to control the quality of milk 
and dairy products. As milk acidity increases over time, by measuring 
this parameter, storage conditions are also controlled. The natural 
acidity of milk comes from the acidic properties of proteins, acid salts 
phosphate and citrate, and little bit less from albumin, globulin and CO2. 
High titratable acidity is most often the result of a higher protein content, 
but also higher amounts of phosphates and calcium in milk, which does 
not affect the decline of pH values (Babić, 2009). The pH drop in the 
cheese was rather caused by the production of lactic acid during the 
fermentation, as well as by the formation of carbonic acid arising from 
CO2 dissolving in acidic media. The increase in pH value can also be a 
consequence of the activity of yeasts and moulds that metabolize alkaline 
components into lactic acid increasing thereby the total pH value in fresh 
cheese (Kizilirmak Esmer et al., 2009).
Microbiological analyses of fresh cheese
The total number of aerobic mesophilic bacteria (data not shown) did 
not exceed 3.27 log cfu g-1 which was the highest value recorded after 9 
days of cold storage of the sample BT-01. In comparison to our previous 
study with the same type of cheese (Barukčić et al., 2020), as well as to 
the results of other authors (Dermiki et al.,2008; Del Nobile et al., 2009; 
Kizilirmak Esmer et al., 2009) who obtained values up to 7 log cfu g-1, the 
values determined in the present study were much lower. Despite that, in 
most of the samples either other categories of inspected microorganisms 
increased (Figures 2a-c) above the recommended limits or the sensory 
properties were unsatisfactory after 9 days of storage, which as regarded 
as the end of their shelf life. The only exceptions were samples MA11 
and MA11+p, especially the latter one having satisfactory values of the 
total viable cell count even after 21 days of cold storage. 
Figure 2a. The average number (log CFU g-1) of growing colonies of yeasts and moulds in different samples of fresh cheese (MA11, PRO222, BT01, MA11+s, 
MA11+p) during 21 days of cold storage (n=3)
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Except for cheeses that are ripening with moulds, contamination of 
cheese with yeast and mould is undesirable and is considered as a defect 
for all other types of cheeses (Havranek et al., 2014). Contamination 
with yeast and moulds is one of the major reasons of their spoiling. These 
microorganisms cause not only economic losses and reduce significantly 
shelf-life of the product, they may also pose a health hazard, particularly 
moulds that have the ability of producing mycotoxins (Filtenborg et al., 
1996; Fleet, 1990; Smits and Brul, 2005). Until now, yeast and mould 
growth has most often been prevented by the help of chemical additives, 
but the use of new protective cultures is very promising, especially for 
the cheese industry. Figure 2a shows the number of growing colonies 
of yeasts and moulds depending on storage length. It is evident that the 
addition of protective cultures inhibited their growth. Penicillium spp. 
and Aspergillus spp. are dominant moulds in cheese spoilage without the 
addition of preservative, while Candida spp., Kluyveromyces marxianus 
and Pichia spp. are the main contaminants of immature soft cheeses 
(Fleet, 1990; Filtenborg et al., 1996). The heterofermentative nature of 
yeasts cause the formation of alcohol and CO2 in cheese, so this defect 
can easily be attributed to yeast, even when yeast colonies are not visible 
(Havranek et al., 2014). Yeasts can also be the cause of decomposition, 
intense gas production, appearance of foreign taste, mucus and 
discoloration (Fleet, 1990). Gonzalez-Fandos et al. (2000) investigated 
microbiological, physico-chemical and sensory characteristics of fresh 
cheese Cameros packed in a modified atmosphere. The results of the 
study showed that in the control sample (packed in a normal atmosphere) 
the growth of yeasts and moulds was limited. Only on the 21st day of 
storage number of yeasts and moulds reached 3.73 log cfu g-1, while on 
the 28th day the number s was 3.34 log cfu g-1. In the research carried 
out by Barukčić et al. (2020), yeasts and moulds were detected only on 
the 6th day of storage and their number was 0.20 log cfu g-1 while on the 
9th day it was 0.35 log cfu g-1. The number of yeasts and moulds in both 
studies was lower than in the present study, where their number was 
already 0.30 log cfu g-1 up to 2.16 log cfu g-1 for the first day of storage.
Figure 2b. The average number (log cfu g-1) of coagulase positive Staphylococus aureus in samples of fresh cheese (MA11, PRO222, BT01, MA11+s, MA11+p) 
during 21 days of cold storage (n=3)
The ability of Staphylococcus aureus species to grow in fresh cheeses is inhibited by the rapid formation of high concentrations of lactic acid and 
the thereof resulting low pH of cheese (Samaržija et al., 2007). However, a large number of Staphylococcus aureus strains are capable of generating 
extracellular thermostable enterotoxins, which retain their biological activity even after heat treatment of milk and / or cheese grains (Walstra et 
al., 1999). Due to thermoresistence, staphylococcal enterotoxins are considered as the highest microbiological risk in fresh cheese even after heat 
treatment (100 °C / 30min). They are resistant to most proteolytic enzymes of the human digestive tract and proteolytic enzymes of the cheese, and 
they are resistant to a low pH value of the human stomach (Havranek et al., 2014). Figure 2b. shows the average viable counts of coagulase positive 
Staphylococcus aureus during the storage period. It is obvious that the addition of protective culture to the mesophilic culture MA11 has extended the 
shelf-life. On the 21st day of storage cheese samples MA11 and BT01 contained higher values of coagulase positive staphylococci than allowed by 
the relevant legislation (EC 2073/2005, National Microbiological Food Criteria Guide, 2011). Such results indicated the end of the shelf life of these 
products and samples were no longer analysed. 
Figure 2c. The average number (log cfu g-1) of Enterobacteriaceae in samples of fresh cheese (MA11, PRO222, BT01, MA11+s, MA11+p) during 21 days of cold 
storage (n=3)
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Figure 2c shows the total number of Enterobacteriaceae which 
are obviously present within the limits of tolerance. According to 
Giammanco et al. (2011), the quality of milk cheese as well as the 
hygienic conditions during production, packaging and handling can 
influence the amount of Enterobacteriaceae in cheese samples. Different 
types of Enterobacteriaceae have the ability to decarboxylate lysine 
and ornithine, which is leading to the production of biogenic amines 
cadaverine and putrescine. After the 5th day of the storage of cheese 
produced by adding the mesophilic culture PRO22, sensory evaluators 
described it to have a fecal taste, which might have been caused by 
biogenic amines cadaverine and putrescine according to Ardö (2006). 
Goznalez-Fandos et al. (2000) analysed in their research fresh cheese 
Cameros for the total number of enterobacteria. Fecal coliforms were 
detected only after 14 days of cold storage when their number was 1.18 
log cfu g-1, and the maximum level was reached on the 21st day when 
the number was 1.97 log cfu g-1. In the present study, enterobacteria 
were detected already on the first day and their number varied from 0.40 
log cfu g-1 to up to 1.95 log cfu g-1, which could be related to cheese 
milk contamination or to contamination of equipment used in cheese 
production. However, taking into consideration the obtained values for 
Enetrobacteriaceae in general, all of the produced cheese samples could 
be regarded to be of adequate quality for 9 days of cold storage (Figure 
2c). 
Sensory analysis 
Sensory analysis of fresh cheese was carried following a 20-weighted-
system sensory analysis template. During the analysis, taste, odour, 
texture, after in the mouth and surface appearance were evaluated. Each 
of these properties was evaluated with a score of 1 to 5. The lack of 
such an evaluation was corrected by applying the significance factor (Fv). 
Data processing showed that the samples were of good taste, and that 
none of the samples received a total score lower than 16. It can be seen 
that some cheeses achieved scores with aging. In a study conducted by 
Gonzalez-Fandos et al. (2000), the sensory characteristics of the cheese 
were not satisfactory after 7 days of cold storage. The development of 
flavours in fermented dairy products, especially the cheeses, is the result 
of a series of (bio) chemical processes supported by enzymes originating 
from starter cultures (Smit et al., 2005). In the present study lactic acid 
contributed the most to the typical fresh cheese taste by controlling the 
growth of undesired microorganisms (Kosikowski, 1997). The enzymatic 
degradation of casein into peptides and amino acids, which are then the 
main precursors for the formation of volatile aromatic compounds, is 
crucial for the formation of odours that are contributing to the sensory 
perception of cheese (Smit et al., 2005). It is difficult to distinguish 
the best sample in relation to sensory evaluation, but according to the 
obtained results that might be sample MA11+p with the addition of the 
protective culture since it achieved a highest total score 18.56 on the 
first day of storage, and maintained the high scores throughout the entire 
storage period (Figure 3). 
Figure 3. Total scores of sensory evaluation for different cheese samples (MA11, PRO222, BT01, MA11+s, MA11+p) during 21 days of cold storage (n=3)
From the results presented in Figure 3, a general trend could be observed 
indicating that the cheeses produced with addition of mesophilic culture 
achieved better average score than cheeses produced with addition of 
renin and protective cultures. It could also be observed (data not shown) 
that all cheeses received high scores for colour which did not change 
during storage, which was confirmed by colorimetric measurements 
too (Table 4). These results are in line with those of Sant’Ana et al. 
(2013) where colour changes were minimal during storage. According 
to Wadhwani and McMahon (2012), the colour of the cheese can change 
the perception of taste for consumers. During the storage of cheeses there 
were also no intense changes in consistency whereby the obtained scores 
remained constant. The most significant changes during storage were 
noticed in taste and odour. Looking at the individual sensory properties, 
the highest scores for taste were having the cheeses MA11 and MA11 
+ p. These cheeses also had the highest share of milk fat that positively 
influenced the cheese flavour. It dissolves in cheese compounds that were 
formed by hydrolytic decomposition of fat and proteins and prevents 
formation and tightness of solid protein rubber matrix, which makes 
continuous phase of cheese, and which would have gummy consistency 
without milk fat in its structure (Havranek er al., 2014).
Texture and colour
As previously highlighted, the texture of cheese depends on various 
interactions between different factors like cheese composition, 
manufacturing process or ripening conditions. In that manner, textural 
properties of acid coagulated fresh cheeses are greatly influenced by 
the acidity. More precisely, pH values higher than 4.7 will result in soft 
texture and lack of flavour, while pH values lower than 4.6 will cause 
a grainy, chalky texture, whey separation and excessively acid flavour 
(Lucey, 2017).
I. Barukčić et al.: 124-132
Croatian Journal of Food Technology, Biotechnology and Nutrition vol.15 (3-4), 2020130
CROATIAN JOURNAL OF FOOD TECHNOLOGY, BIOTECHNOLOGY AND NUTRITION
Table 3. The average hardness (Fmax) and work consumed for cheese perforation (Nm) of different fresh cheese samples (MA11, PRO222, BT01, 
MA11+s, MA11+p) during 21 days of storage (n=3)
Sample 
1.day 5.day 9.day 14.day 21.day
F max (N)
MA11 0.874 0.922 1.458 - -
PRO222 1.272 0.957 1.637 - -
BT01 1.042 1.122 - - -
MA11 +s 1.097 1.077 - - -
MA11+ p 1.088 1.232 1.341 1.657 1.826
Nm
MA11 0.008 0.004 0.003 - -
PRO222 0.009 0.007 0.013 - -
BT01 0.010 0.008 - - -
MA11 +s 0.018 0.005 - - -
MA11+p 0.008 0.004 0.009 0.013 0.017
Textural characteristics of cheese are determined by the combined 
structural properties of protein matrix and fat droplets that are 
incorporated into the matrix (Lobato-Calleros et al., 2001). From Table 3 
it is apparent that cheese hardness (Fmax) increases over time, so maximal 
force for cheese perforation grows. Accordingly, the highest force Nm 
required for cheese breaking was required in the sample MA11+p that 
was produced with the addition of protective culture and was 1.8256 N. 
Such results might be explained by changes in protein matrix leading 
to strengthening the bonds and narrowing the gel structure which 
caused whey separation which was visible during sampling and sensory 
evaluation. Consequently, the elasticity of cheese decreased, which was 
perceived during sensory evaluation. Opposite to that, in the research 
carried out by Kizilmark Esmer et al. (2009) the maximum force for 
cheese perforation decreased over time, which was explained by 
increasing the amount of proteolytic products indicating the weakening 
of protein bonds in the coagulum. 
Table 4. Average values for colour parameters (L-light, a-green, b-yellow) in different samples of fresh cheese (MA11, PRO222, BT01, MA11+s, 
MA11+p) measured during 21 days of cold storage (n=3)
Day of storage BT01 MA11 PRO222 MA11+s MA11+p
L
1 94.98 95.22 95.70 94.42 94.78
5 90.87 95.29 95.04 94.94 95.52
9 94.84 94.48 - 94.03 94.95
14 - - - - 95.61
21 - - - - 94.81
a
1 -1.39 -1.27 -1.44 -1.03 -1.38
5 -1.36 -1.39 -1.43 -1.02 -1.24
9 -1.28 -1.34 - -1.08 -1.31
14 - - - - -1.29
21 - - - - -1.28
b
1 8.90 8.59 8.84 9.71 9.32
5 8.48 8.8 8.77 9.60 9.06
9 8.81 8.49 - 9.94 9.22
14 - - - - 8.91
21 - - - - 9.14
Table 4 shows that there was no significant change in colour in cheese 
samples during storage. The colour of the cheese could be described 
as white, and its intensity didn’t change much during the storage 
period. However, as the storage period went by, a small amount yellow 
shade could be noticed, which is evident in the increase of b values. 
According to Saldo et al. (2002) changes in cheese colour are associated 
with changes in microstructure after pasteurization. In some samples 
there was probability of degradation of carotenoid and riboflavin due 
to exposure to light, and because of it decreased L value decreased 
(Barukčić et al., 2020). The presence of oxygen leads to oxidation which 
is evident in colour change (Del Nobile et al., 2009). Values L, a and b 
were in most cases decreasing, except for cheese MA11 + p where L and 
a value were in growth. Such results might be related to the inhibitory 
effect of protective cultures on oxidation. More precisely, protective 
cultures produce specific metabolites such as organic acids (milk, acetic 
and propionic) which act competitively with agents that cause spoilage 
of nutrients (Young and Sullivan, 2011). 
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Conclusions
The aim of this study was to investigate the influence of different 
commercially available starter cultures including protective starters, 
on selected process parameters, quality characteristics and shelf life of 
fresh acid coagulated cheese. According to all of the obtained results, 
the choice of the starter culture did not affect chemical composition 
and texture of cheese. However, the addition of renin caused a higher 
density of curd, lower yield and a smaller amount of retained water in 
cheese. Thus, the highest yield of cheese was obtained by the addition 
of mesophilic culture MA11, while the lowest yield was recorded 
when mesophilic culture BT01 was used in combination with renin. 
Microbiological analyses showed that the shelf life of cheese produced by 
adding protective culture has been prolonged for 12 days in comparison 
to the control sample, and was 21 days. In accordance with that were also 
the results of colour measurements indicating the least changes in that 
sample. Scores of sensory evaluations were high for all days of storage 
and average grade was from 16.43 to 18.56. Cheese with the addition 
of mesophilic cultures solely had higher scores than cheeses with the 
addition of mesophilic culture and renin, whereby the sample MA11+p 
with the addition of protective culture achieved the highest scores during 
the entire storage period. In conclusion, the use of protective cultures 
might be beneficial not only in terms of prolonging shelf life, but also for 
improving sensory properties and colour of fresh acid coagulated cheese. 
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